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Outline 

> Accelerator Builder’s Challenge 

> EuPRAXIA – Proposal for a European Plasma 
Accelerator for Users 

> Helmholtz ARD Program 

> Conclusions 
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Livingston and Accelerators at the Energy Frontier 
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Livingston and Accelerators at the Energy Frontier 

Why this saturation? 
 
1. Conventional accelerators have 

reached hard physical limits.  

2. Energy is extended by scaling or 
modestly extending proven 
accelerator technology. As a 
consequence, length and 
project cost also scale with 
energy. 

3. Ever bigger projects require more 
time to bring. 
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Livingston and Accelerators at the Energy Frontier 
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Livingston and Accelerators at the Energy Frontier 

ILC project for the 2020’s/2030’s. 
FCC project for the 2030’s/2040’s. 
 
1.  Timelines reflect the size, complexity and 

cost of projects (scaling effects). 

2.  These projects will be very mature and 
their performances cannot easily be matched 
by novel accelerator technologies. 

3.  However, it is possible that the required 
funding for ILC or FCC cannot be obtained. 

4.  In this case it will be crucial to have a plan B 
HEP accelerator project in the 2030’s.  
a.  This project will likely be less performant 

than ILC.  
b.  This project should also be much 

smaller and much lower cost. 
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Livingston and Accelerators at the Energy Frontier 
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Livingston and Accelerators at the Energy Frontier 
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Livingston and Accelerators at the Energy Frontier 

Advent of plasma acc.: 
 
1.  Metallic cavity walls replaced with 

plasma walls à overcoming hard 
physical limits of metallic RF structures. 
 

2.  Acceleration lengths (same energy) are 
factor 100 – 1000 shorter. Multi-GeV e- 
beams proven. 

3.  Still short-comings but no fundamental 
limit.  

4.  Financial effort in HEP at or below 1% of 
total. More resources will lead to 
faster progress.  
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Livingston and Accelerators at the Energy Frontier 
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Livingston and Accelerators at the Energy Frontier 
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Livingston and Accelerators at the Energy Frontier 

Shows potential of 
plasma acceleration 

for very high 
energies ! 
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Livingston and Accelerators at the Energy Frontier 

Shows potential of 
plasma acceleration 

for very high 
energies ! 

Plasma acc. today in 
regime required for 

FEL’s  
! ! 
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Outline 

> Accelerators at the Energy Frontier 

> EuPRAXIA – Proposal for a European Plasma 
Accelerator for Users 

> Helmholtz ARD Program 

> Conclusions 
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Reminder: Plasma-Acceleration (Internal Injection) 
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Reminder: Plasma-Acceleration (Internal Injection) 

•  This proved highly 
successful with electron 
bunches of 

. 

•  Small dimensions involved 
à few ! 

•  Highly compact but also 
 

accelerator: generation, 
bunching, focusing, 
acceleration, (wiggling) all in 
one small volume. 

•  Energy spread and stability 
at the few % level. 
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Our Focus: External Injection of Known Beams... 
Ex

te
rn

al
 In

je
ct

io
n…
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Accelerator Builder’s Challenge (simplified to typical values) 

> Match into and out of plasma with 
(about 1 mm beta function). 

> Control  between the wakefield driver (laser or 
beam) and the accelerated electron bunch at . 

> Use to minimize energy spread.  

> Achieve  from injected 
electron bunch to wakefield (energy stability and spread). 

> Control the  to compensate 
energy spread (idea Simon van der Meer). 

> Develop and demonstrate 
. 



Ralph Aßmann  |  Accelerator R&D HEPAP Subpanel |  29.8.2014 |  Page 22 

Accelerator Builder’s Challenge – Feasible? 

>  Difficult but we believe solutions can be found. Will not come for free… 

 

50 nm with a 
1.3 GeV 
electron beam 
(from  K. Kubo et al. 
Proc. IPAC 2014)  
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Accelerator Builder’s Challenge – Feasible? 

>  Difficult but we believe solutions can be found. Will not come for free… 

 

>  Again: No fundamental limit here, but strong technical challenges! 

Femtosecond Precision in Laser-to-RF Phase Detection 
(from  H. Schlarb, T. Lamb, E. Janas et al. Report on DESY Highlights 2013).  
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Outline 

> Accelerators at the Energy Frontier 

> Accelerator Builder’s Challenge 

> Helmholtz ARD Program 

> Conclusions 



Status	
  in	
  Europe	
  

•  Quite	
  a	
  number	
  of	
  na2onal	
  investments	
  in	
  the	
  EU	
  
member	
  states	
  at	
  the	
  10	
  –	
  50	
  M€	
  level.	
  	
  
–  Europe	
  is	
  very	
  compe22ve:	
  excellent	
  lasers,	
  large	
  exper2se,	
  big	
  
teams	
  with	
  many	
  young	
  students/researchers,	
  new	
  ideas	
  from	
  
Europe	
  have	
  leading	
  influence.	
  

–  E.g.	
  inven2on	
  of	
  “bubble	
  regime”	
  in	
  Europe:	
  

R.	
  Assmann,	
  EuroNNAc	
  @	
  ICAN,	
  4/2014	
  

Pukhov, Alexancer, and Jürgen Meyer-ter-Vehn. 
"Laser wake field acceleration: the highly non-linear 
broken-wave regime." Applied Physics B 74.4-5 
(2002): 355-361. 

736 citations 
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5 PW laser 
and LWFA 

area 

High 
stability 
LWFA 

Comb beam ! 
high efficiency 

LWFA for 
FEL 

LWFA for 
science 
(FEL, …) 

10 – 200 PW 
laser, also for 
LWFA (finally 

100 GeV?) 

FEL R&D 
for LWFA ICAN for high 

efficiency 
Proton-

driven PWFA 
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LWFA FEL 

e- driven PWFA 

PWFA 
modulation 

Ion plasma acc. 
and transport 

plasma 
wakefield 
imaging 

Two 1 PW laser, 
ion/p plasma acc., 
radiation therapy 

R&D 

LWFA, polarized 
particles 

LWFA, medical 
imaging, training 

LWFA low density, 
external inj. 

atto-s radiation sources 

LWFA for radiation 
sources 

FEL, industrial 
applications, 

PWFA 
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EU Funded  
Network on  

Novel  
Accelerators 

1st European 
Advanced 
Accelerator 
Workshop 
EAAC2013 
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The EuPRAXIA Project Proposal 
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EuPRAXIA – Connected Labs and Institutes 

16 beneficiaries from 5 EU member states 
  

plus 18 associated partners 
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EuPRAXIA – Support  

European Steering Group for 
Accelerator R&D, 2014 

“… the realization of accelerators with 
appropriate beam characteristics for 
user-communities is now credible and 
highly desirable.”  

competition from CERN FCC and 
ESS neutrino upgrade DS proposals 



Ralph Aßmann  |  Accelerator R&D HEPAP Subpanel |  29.8.2014 |  Page 33 

Ansatz: Required Intermediate Step to Plasma LC 
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Schematic Layout EuPRAXIA Research Infrastructure 

Present Laser 
Plasma Acce-
lerators 
 
Up to 4.25 GeV 
electron beams 

Beam 
Diagnostics 
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Schematic Layout EuPRAXIA Research Infrastructure 

Research 
Infrastructure 
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Schematic Layout EuPRAXIA Research Infrastructure 

PLASMA ACCELERATOR 
Research 

Infrastructure 



Ralph Aßmann  |  Accelerator R&D HEPAP Subpanel |  29.8.2014 |  Page 37 

Schematic Layout EuPRAXIA Research Infrastructure 

PLASMA ACCELERATOR 
HEP USER AREA Research 

Infrastructure 
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Schematic Layout EuPRAXIA Research Infrastructure 

PLASMA ACCELERATOR 
HEP USER AREA 

FEL / RADIATION SOURCE 
USER AREA 

Research 
Infrastructure 
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EuPRAXIA Research Infrastructure Goal Parameters 



Ralph Aßmann  |  Accelerator R&D HEPAP Subpanel |  29.8.2014 |  Page 40 

Envisaged Implementation 

> Goal	
  is	
  to	
  design	
  one	
  opera2onal	
  facility	
  at	
  one	
  
loca2on.	
  

> Resources	
  will	
  be	
  distributed	
  to	
  all	
  partners:	
  
§ Model	
  of	
  big	
  par2cle	
  physics	
  detector:	
  Many	
  ins2tutes	
  team	
  up	
  to	
  build	
  
one	
  detector	
  at	
  one	
  place,	
  each	
  contribu2ng	
  a	
  part.	
  

> Site	
  study	
  with	
  the	
  goal	
  to	
  propose	
  the	
  best	
  site:	
  
§ Exis2ng	
  infrastructure,	
  host	
  lab	
  support,	
  scien2fic	
  user	
  community,	
  
support	
  from	
  funding	
  agency,	
  …	
  

> Facility	
  will	
  be	
  devoted	
  to	
  provide	
  for	
  pilot	
  users:	
  
§ Ultra-­‐compact	
  X-­‐ray	
  FEL	
  

§ Ultra-­‐compact	
  GeV	
  electron	
  source	
  for	
  HEP	
  detector	
  development	
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Timelines	
  

R.	
  Assmann,	
  EuroNNAc	
  @	
  ICAN,	
  4/2014	
  

EU Design 
Study 

Decision 
Funding 

Construction 
+ OP 

EU DS: Now required for next step in 2020 
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  Assmann,	
  EuroNNAc	
  @	
  ICAN,	
  4/2014	
  

EU Design 
Study 

Decision 
Funding 

Construction 
+ OP 

EU DS: Now required for next step in 2020 

FET-OPEN: (i) ICAN 
(ii) Beam Driver  
(iii) Resonant Laser 
High Efficiency 

Timelines	
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Outline 

> Accelerators at the Energy Frontier 

> Accelerator Builder’s Challenge 

> EuPRAXIA – Proposal for a European Plasma 
Accelerator for Users 

> Conclusions 
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Research field Matter in the Helmholtz Association 

PAGE 44 

since 2011 

+ Helmholtz Institutes 
         Jena and Mainz 

Hamburg and Zeuthen 

PAGE 44 Review of the Research Field Matter 
Helmut Dosch 

(Total Helmholtz: 18 centers, 
6 research fields, ~3B€ yearly 
budget) 
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Research Field Matter: new programme structure 

Matter and  
the Universe  

Fundamental 
Particles and Forces 

Cosmic Matter 
in the Laboratory 

Matter and Radiation 
from the Universe 

In-House Research on the  
Structure, Dynamics and  

Function of  Matter at  
Large Scale Faciltities 

Facility Topic: 
Research on Matter with 

Brilliant Light Sources 

Facility Topic: 
Neutrons for Research 
on Condensed Matter 

Facility Topic: 
Physics and Materials 

Science with Ion Beams 

Accelerator  
Research and Development 

Detector  
Technologies and Systems 

From  Matter  to 
Materials and Life 

Matter and  
Technologies 

Facility Topic: 
Research at Highest 

Electromagnetic Fields 

PAGE 45 Review of the Research Field Matter 

LK II 
„performance category II“ 
= user operation of large 

scale facilities 

Helmut Dosch 

Evaluation for the 
programme oriented 
funding 2015 – 19 in 

the research field 
Matter was recently 

completed 
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Accelerator R&D Progamme  

>  Evaluation of Research Programme MT 
with topics ARD and DTS                    
26 - 28 March, 2014 

>  Whole program and ARD in particular 
received excellent comments in oral 
close-out from evaluation committee 

>  Strategy with good balance between 
activities aiming at shorter term, direct 
impact on research infrastructures and 
more generic, visionary ones was 
especially praised  

ARD team at the rehearsal for the 
PoF3-evaluation (HZDR, 25Feb 2014) 

Implementation phase in 
Helmholtz since 2011 
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Past and future resources in accelerator R&D 
(yearly increase from 2016 still to be decided) 
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ARD structure and coordination 

27%	
  

6%	
  33%	
  

34%	
  

Cost	
  per	
  sub-­‐topics	
  

ST1-­‐SRF	
  tech	
  

ST2-­‐hadron	
  acc	
  

ST3-­‐ps/fs	
  beams	
  

ST4-­‐novel	
  acc	
  
Coordination: Reinhard Brinkmann 
Deputy: Andreas Jankowiak 
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U. Schramm, HZDR 

M. Kaluza, HIJ ANKA Synchrotron Light Source at KITFLUTE, a Linac-Based THz Source at KIT   

FLUTE: ARD-Forschung am KIT 

Ultrakurze Elektronenpulse (1 fs bis 300 fs)
Grosser Bereich an Ladungen (1 pC bis 3 nC)
Kohärente Strahlung für Materialwissenschaften und biologische 
Anwendungen 
Entwicklung/Tests von Kurzpuls-Strahldiagnose und Instrumentierung
Kooperation KIT, PSI, DESY 

Ferninfrarot Linac- Und Test Experiment 

Institute for Synchrotron RadiationTU Darmstadt, 13.12.2010
A.-S. Müller  -  Coherent  Synchrotron Radiation in 

Storage Rings
2

FLUTE
A.S. Müller, KIT 

V. Bagnoud, GSI 

M. Büscher, FZJ 

A. Jankoviak, HZB 
R. Assmann, DESY 
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Proposal: Helmholtz Distributed ARD Test Facility – Germany  

>  Theme 1:   
  

Networking of existing research 
infrastructure. 

>  Theme 2:  
  

Extension of facilities for common usage. 

>  Thema 3:  
  

2 flagship projects for 
internationally leading 
research with the 

 (plasma accele-
ration major player).  

The preparation team:  
   

R. Assmann (DESY), V. Bagnoud (GSI),  
M. Büscher (HZJ), A. Jankowiak (HZB),  
M. Kaluza (HIJ), A.-S. Müller (KIT),  
U. Schramm (HZDR) 



Ralph Aßmann  |  Accelerator R&D HEPAP Subpanel |  29.8.2014 |  Page 51 

Conclusions – General  

> Conventional 
, operating close to physical hard limits.  

> New projects (plan A)  
à excellent performance but . 

> Many of us believe that a 
is a good idea. Should be smaller and lower cost. 

> Plasma accelerators 
. Excellent candidate plan B technology. 

> Plasma accelerators: 
, radiation sources, medical imaging (ultra-fast). 

> Plasma accelerators not fundamentally limited. 
. 
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Our mission: The compact accelerator for high power 
physicists! 
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… for high power physicists! 

The size of the 
accelerator 
structure is correct, 
but we want to 
place a plasma 
accelerator 
structure there with 
10 GeV 
acceleration! 
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Conclusions – Europe  

> Europe: 
. Accelerator R&D in Germany recognized as 

. Conventional and novel acc. 
R&D together. HEP and photon science acc. R&D together. 

> Europe:  in plasma acceleration. 
EuroNNAc: exchange info, develop common plans. 

> Right time is now to spend time and efforts on 
. 

> Efforts on : EuPRAXIA 
proposal, CILEX, Helmholtz Distributed ARD Test Facility, …  

> We hope that our efforts will be flanked by 
. It will pay off for US 

science and for all of us.  
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Thank you for your attention…	
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CILEX Project, Plateau de Saclay, France 

>  The big French project. 

>  Laser: APOLLON, 150J / 15fs, 1 shot/
min, 5-10 PW , 1023 W/cm2 plus satellite 
lasers. 

>  450 m2 experimental area for plasma 
acceleration of e-. Possibility to extend 
into 200m long acc. tunnel. 

F. Amiranoff 

A. Specka 
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X-5 Project at LOA, France  

>  Salle Jaune Laser: 70 TW, repetition 
rate 10 Hz, pulse duration of 30 fs 

>  Goals: 
§  Exploration of new laser plasma accelerator 

blueprints for the production of electron 
beams and very strong peak point currents.  

§  These electron beams will be used in a 
variety of domains, including life science 
and materials science.  

§  They will also be used to study the blueprint 
of compact free electron lasers (FEL) for the 
production of intense X and XUV beams.  
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COXINEL Project at SOLEIL, France 

>  COXINEL: COherent Xray source INferred from 
Electrons accelerated by Laser. 

>  Leader: Marie-Emmanuelle Couprie, SOLEIL 

>  Goals: 
§  COXINEL aims to demonstrate that, by using laser acceleration, it 

is possible to obtain the free-electron laser (FEL) amplification 
needed to develop more compact light sources.  

§  FEL are the first tunable X-ray lasers and the most intense light 
sources in the X-ray energy domain.  

§  COXINEL benefits from a very favorable environment at SOLEIL 
and more widely on the Paris-Saclay campus, particularly in 
terms of engineering, to turn the ideas and theories that physicists 
have devised into reality. 

>  Closely connected to project X-5 in LOA. 
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ICAN Project 

Coherent 
Amplification 
Network 

G. Mourou 
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SPARC LAB, Frascati, Italy 

>  Electron beam: 150 MeV, multi-bunch, bunch 
length below 300 fs, 200 pC, 1 µm norm. 
emittance 

>  FLAME laser:  Ti:Sa, chirped pulse amplification 
(CPA), 200 TW, 25 fs long, 10 Hz repetition 
rate, wavelength 800 nm 

>  SPARC LAB is a multi-purpose user facility. 
Incudes experiments on laser- and beam-driven 
plasma wakefield acceleration  
experiments. See example 
of laser-generated electrons. 

>  Comb project is unique:  
resonant beam driven  
plasma wakefields. 

M. Ferrario 
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LUND Laser Center, Sweden 

>  Well established lab, since 1992. 

>  Laser: 60 TW + 5 TW + 3 TW (three separate 
compressors). Emphasis on: 
§  Stability (pulse-to-pulse) 

§  Reliability (day-to-day) 

§  Contrast (ex. plasma mirrors) 

§  Beam pointing (active control) 

§  Wavefront (adaptive optics) 

>  Limited by manpower. 

Electrons 

Protons 
X-rays 

C.G. Wahlstroem 
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ELI Beamlines, Czech republic 

>  Laser: 10-15 fs duration, up to 10 PW. 
End stage: a few kJ in 15 fs (~200 PW) 
with low repetition rate (minute based).  

>  Might be the big player in some years. 

>  New techniques for medical image-
display and diagnostics, radiotherapy, 
tools for new materials developing and 
testing, latest in X-ray optics, etc. 

>  Laser-accelerated, versatile electron 
and proton/ion source emitting in an 
unprecedented energy range (1 GeV to 
100 GeV). Provide a major contribution 
for the development of future high-
quality and low-cost proton sources for 
cancer therapy. 

 

G. Korn 
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AWAKE experiment, CERN 

>  International collaboration with approved 
experiment at CERN beam. 

>  Driver: 450 GeV proton bunch, 1e11, 3.5µm 
emittance, bunch length >> plasma 
wavelength 

>  Modulation experiment:  
§  The first parts of the proton bunch 

induce a plasma wakefield that 
starts self-modulating the later 
parts of the bunches. 

§  Microbunching starts happening:  
1) Protons at focusing regions survive. 
2) Protons at defocusing regions get 
    lost. 

§  Surviving microbunches induce wake- 
fields. 

§  Accelerate injected electrons from 
several 10 MeV to GeV. 

A. Caldwell   M. Wing 
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CALA Project, Munich, Germany 

>  Builds on expertise at MPQ and LMU. 

>  Successful in laser-driven generation of electron beams. 
See example with MPQ lasers. 

>  Ongoing: 63 M€ investment.  
Financed by State Bavaria  
and Germany. 

>  CALA completion:  
2015… 

S. Karsch  
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Strathclyde in UK/Scotland 

>  SCAPA = Scottish Centre for the Application of Plasma-
based Accelerators 

>  LWFA for generation of particle beams (electrons, protons, 
neutrons and light ions) and radiation pulses (THz, infra-
red, X-rays and gamma rays). 

>  Experimental and theoretical research into  
high-power laser-plasma interactions. 

>  ALPHA-X Project: A Laser Wakefield Accelerator  
Dedicated to the Production and Application of  
Ultra-short Electron Bunches and Radiation  
Pulses. Z.M. Sheng 

D. Jaroszynski 

B. Hidding 
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STFC – CLF and John Adams Institute in UK 

>  STFC Central Laser Facility used  
also for LWFA. 

>  John Adams Institute: Imperial  
College London, Oxford University,  
Royal Holloway, University of  
London. 

>  Plasma accelerators and novel sources of coherent x-rays. LWFA, narrow 
energy spread. Resonant LWFA. Medical imaging. 

>  Training of accelerator specialists, also in advanced methods. 

S. Hooker Z. Najmudin A. Seryi R. Walczak 
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Cockcroft Institute and CLARA Project 

>  Cockcroft Institute: Universities of Lancaster, Liverpool and Manchester, 
the Science and Technology Facilities Council (STFC at the Daresbury 
and Rutherford Appleton Laboratories), North West Development Agency 
(NWDA). 

>  Ultra-short pulse generation. FEL design and industrial applications à 
CLARA project. Plasma acceleration. 

>  Training. 

J. Clarke C. Welsch S. Smith 
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Plasma Acceleration at Hamburg: LAOLA 

>  Laser: Ti:Sa 200 TW, 25 fs pulse length, 5 Hz repetition rate 
§  Initially: Laser-driven wakefields in REGAE. LUX exp. towards FEL. 

§  Later: Move to SINBAD facility. 

>  Beams: 
: 5 MeV, fC, 7 fs bunch length, 50 Hz 

 
  

: 1.25 GeV, 20 – 500 pC, 20 - 200 fs  
bunch length, 10 Hz.  
Beam-driven plasma wakefields. Beam-driven  
plasma wakefields with shaped beams and  
innovative injection methods. Helmholtz VI with UK collaboration. 
 

: 25 MeV, 100 pC, 20 ps bunch length, 10 Hz. 
Beam modulation experiment in a plasma cell, 
preparation to CERN experiment AWAKE 
 

§  Future : 100 MeV, 0.01 – 3 pC, down  
to 10 fs bunch length, 10 – 1000 Hz 

A. Maier 

F. Grüner 

J. Osterhoff 

F. Stephan 
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Short INnovative Bunches & Accelerators at Desy 

50 as, ICS 
ERC Synergy 
Grant 14 M€, 
DESY, Uni HH, 
Arizona 

< 1 fs with conven-
tional technology 
ARD, DESY, Uni 
HH, KIT 

> 1 GeV/m, useable beam quality, FEL? 
LAOLA, ARD, DESY, Uni HH 

Third party 
funding, interest 
from ELI, … 

ARD top 
class 
research in 
existing 
infra-
structure 
(discont-
inued 
DORIS) 

Footprint: 90 m x 50 m 

H. Chapman 

F. Kärtner P. Fromme 

R. Assmann 


